In PNAS, Paul Nelson and Joanna Masel present a theoretical result showing that aging in multicellular organisms is inevitable (1) . The argument is as simple as it is powerful. Cellular senescence is a well-known consequence of the second law of thermodynamics, due to mutations, epigenetic misregulation, and protein misfolding. Molecular accidents in a cell can happen and they consequently do happen. In unicellular organisms, life is maintained because of natural selection against senescent cells and, thus, at the population level life can continue potentially indefinitely. However, in multicellular organisms, competition among cells has been killed to ensure cooperation among cells and thus the integrity of the organism. Breakdown of cooperation and unchecked competition among cells is known as cancer. Cooperation, and thus limited competition among cells, leads to the accumulation of senescent cells, while competition among cells kills the organism because of a breakdown of cooperation.
No Laws in Biology
Of course the actual argument made by Nelson and Masel (1) is more complicated and can be followed in their paper and shall not be repeated here. But this result raises another question. What is the nature of theoretical research in biology? Biology is known for having very few-if any-general laws or maybe only one: natural selection (2-4). Thus, in biology, theoretical predictions tend to have limited reach. That life exists and how it is realized among different kinds of life forms is the result of a historical process that accumulates "frozen accidents": that is, random mutations that become selected or fixed by genetic drift. Most of what we can say in biology is inevitably contingent, as evolution and life are fundamentally contingent processes. How then can theoretical research lead to a quasi-law-like statements, such as those in the paper by Nelson and Masel (1) ? To understand what is going on here, it is useful to distinguish between two kinds of theoretical results: positive and negative predictions. Positive predictions are those where a model or a law makes a prediction on what will happen or what has happened in the past, but is as of yet unobserved. In biology, positive predictions tend to be contingent and only apply to certain species under certain conditions, due to the absence of general laws in biology.
Negative Laws are Different
Negative predictions are of a different nature. They often are the most fundamental insights, also in the physical sciences and even in mathematics. Examples are: the impossibility of a perpetuum mobile, a device that can produce work without being supplied with energy. All of the conservation laws of physics, like the conservation of energy, are negative statements, telling us what is impossible (we cannot create energy, only convert it, at least in classical mechanics). Even in mathematics, we learned in the early 20th century that some things are impossible. For example, Kurt Gödel showed that it is impossible to write down a theory with a finite set of basic assumptions (axioms) from which all mathematically true theorems can be derived (5, 6) . Any mathematical theory with a finite set of axioms is incomplete.
All of these examples of negative laws identify a set of fundamental structural features of reality that set absolute limits to what is possible. The result presented by Nelson and Masel (1) has the same ring to it. It is a negative theoretical prediction based on very few but fundamental features of reality: senescence is a consequence of the second law of thermodynamics (molecular accidents and degradation are inevitable); senescence can be countered by natural selection; but natural selection among cells undermines cooperation among the cells of a multicellular organism. Thus, the multicellular organism is doomed either by senescence or cancer. The fact that this result is a negative prediction, like those of Gödel in mathematics, also explains why it can have a law-like certainty. It does not depend on contingent evolved properties of organisms but only on those which are intrinsic to life itself, namely that organisms are physical systems subject to the limits of thermodynamics, natural selection, and the need for cooperation among the cells in multicellular organisms. 
